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Numerous reports have been published on palladium 
(Pd) complex catalyzed polycondensation to give poly
(arylene)s, polyesters, polyamides, and related poly
mers.1 Recently, catalytic amination reactions of aryl 
halides with amines using Pd complexes have been in
vestigated, 2 and preparation of poly(arylenediamine)s 
by the Pd-catalyzed polycondensation of aryl dibromides 
with diamines has also been reported. 3 In the course of 
the investigation, Meyer et al. and we have carried out 
the Pd-catalyzed polycondensation of I ,3-dibromoben
zene with I ,3-phenylenediamine to give poly(imino-1 ,3-
phenylene) in a good yield, and the obtained polymer 
showed good solubility in polar solvents. 3 b,e 

Poly( imino-! ,3-phenylene) and some of the related 
poly(iminoarylene)s have been prepared by the Ullmann 
polycondensation,4 and the polymers exhibited ferro
magnetic interaction after oxidation. However, the ob
tained polymers showed low solubility, presumably due 
to potential cross-linking and possible regioirregulari
ty,4d.Lg which prevented full characterization of the 
polymers. Preparation of regioregular poly(iminoaryl
ene)s would be crucial for the study on the correla
tion of magnetic properties with the polymer structure. 

These informations prompted us to examine the Pd
catalyzed polycondensation of various aryl dibromides 
with aryl primary diamines to afford a variety of homo 
and/or alternating poly(iminoarylene)s. 

n Br-Ar-Br + n H2N-Ar'-NH2 
[Pd] 

base H H Jn 

The Pd-catalyzed polycondensation proceeds under 
mild conditions and is expected to minimize the poten
tial for cross-linking and to preclude regioirregularities. 
We here report the results of preparation of various 
soluble poly(iminoarylene)s by the Pd-catalyzed poly
condensation. 

EXPERIMENTAL 

IR and NMR spectra were recorded on a JASCO 
FT/IR-230 spectrometer and JEOL JNM-A400 NMR 
spectrometer, respectively. GPC analyses were performed 
with a JASCO 880 system using a Tosoh TSK-Gel G4000 
HHR column using an N,N-dimethylformamide (DMF) 
solution of LiCl (0.01 M) as an eluent (polystyrene 
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standards). Elemental analyses were carried out with a 
Yanaco CHN Corder MT-5 and a Yanaco SX-Elements 
Micro analyzer. 

The Pd-catalyzed polycondensation of aryl dibromides 
with aryl diamines was carried out under N 2 in a man
ner analogous to that previously reported. 3 b A mixture 
of aryl dibromide (2 mmol) and aryl primary diamine 
(2 mmol) was dissolved in toluene (15 ml). Sodium-t
butoxide (NaO-t-Bu) (577 mg, 6 mmol), tris(dibenzyli
deneacetone)-dipalladium (Pdidbah) (46 mg, 0.05 mmol), 
and 2.2' -bis( diphenylphosphino )-I, I' -binaphthyl (BI
NAP) (93 mg, 0.15 mmol) were added to the solution at 
room temperature. The reaction mixture was stirred at 
IOOoc for 16 h under N 2 . After cooling to room tem
perature, the mixture was poured into a mixture of 
aqueous ammonia and methanol (200 ml, 1/4, vjv), and 
the precipitate was separated by filtration. The precip
itate was washed thoroughly with aqueous ammonia 
and methanol. 

RESULTS AND DISCUSSION 

In our previous study, the combination of Pd2 (dbah 
and BINAP has been found to be the most effective cat
alyst system for preparation of poly(imino-1 ,3-phenyl
ene ). 3 b Table I summarizes the results of the Pd-cata
lyzed polycondensation of several aryl dibromides with 
aryl primary diamines using the catalyst system. The re
actions of I ,3-dibromobenzene with aryl diamines having 
electron-donating substituents (Runs 2-4) as well as 
electron-withdrawing substituents (Runs 5, 6) provided 
the corresponding poly(iminoarylene)s in good yields. 
The Pd-catalyzed aryl amination involves J)-hydrogen 
elimination reaction of the Pd-intermediate. la-e Use of 
the aryl diamines as monomer depressed the undesired 
side reaction and achieved high yields. The molecular 
weights of the polymers were calibrated by GPC. 5 The 
obtained polymers have large polydispersity, which 
would be due to low solubility of the polymers in toluene 
and formation of the precipitate during the polymeriza
tion. 

Pyridine has been found to inhibit the Pd-catalyzed 
amination of aryl bromides due to displacement of 
phosphine ligands from the catalytic intermediates to 
form bis(pyridine) complexesY Buchwald et al. have 
reported that the Pd-complexes with chelating bis(phos
phine) ligands such as BINAP suppress the ligand ex
change and effectively catalyze the amination of halo-
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15 

Poly(iminoarylene )s 

Table I. Pd-catalyzed polycondensation of aryl dibromides with aryl primary diamines" 

Aryl 
dibromide 

srOBr 

n Br N"" Br 

N 

srMsr 

BqBr 

Fe 
Br--<:07 

Aryl 
diaminc 

H2NOOD-NH2 

H2NOCDNH2 
II 

0 

09D 
H2N NH2 

0 

% 

86 

75 

65 

83 

73 

78 

0 

90 

80 

trace 
(40)h 

trace 

0 

99 

99 

0 

Me 
n 

X J0- 4 

2.0 

0.6 

1.2 

1.6 

2.0 

0.6 

2.2 

0.7 

1.1 

---- ----------

v(N-H)" 

cm- 1 

4.1 3384 

1.5 3404 

8.3 3385 

3379 

7.8 3375 

7.0 3365 

4.2 3404 

5.7 3396 

1.7 3400 

3396 

4.3 3398 

<l(N-H)' 

ppm 

7.94 

7.92 

7.99 

8.33 

8.63 

7.91 

8.40 

8.23 

9.04 

'Polycondensation was carried out in the presence of Na0-1-Bu (3 equiv. for monomer). Pd 2 (dbah (2.5 mol% for monomer), and BINAP 
(7.5mol% for monomer) in toluene at IOO"C for 16h under N 2 . hJnsoluble fraction in methanol. ccalibrated by GPC with polystyrene 
standards. d Infrared band attributable to v(N-H) (KBr pellet). ' 1 H NMR chemical shift assignable to N-H (in DMSO-d6 ). 'Not measured 
due to low solubility in organic solvents. • Reaction was run in dioxane instead of toluene due to the low solubility of monomer in toluene. h Reaction 
was run with P(t-butylh (15 mol% for monomer) instead of BINAP. 
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Figure 1. 1 H (a) and 13C (b) NMR spectra of poly(2,6-pyridine
diylimine) (Table I, Run 14) in DMSO-d6 . 

pyridines. ActuaJiy, the polycondensation using 2,6-
dibromopyridine and/or 2,6-diaminopyridine afforded 
the corresponding poly(iminoarylene)s in good yields 
(Runs 9, 14). However, the catalyst system was not 
general. The reaction using neither 3,5-dibromopyridine 
nor 2,6-diamino-4-methyl-1 ,3,5-triazine resulted in pro
duct formation (Runs 7, I 0, 15). Use of tri(t-butyl)
phosphine (P(t-butylh) instead of BINAP (Run I 0) 
afforded the polymer in a low yield. Use of electron
rich heteroaromatic dibromides such as 2,5-dibromo 
thiophene and I, 1'-dibromoferrocene also failed to form 
product. 

Elemental analysis data of the polymers are reason
able for the calculated values for the corresponding 
structures. 6 The structures of the polymers were con
firmed by IR and NMR spectroscopy. IR spectra of 
the polymers exhibit a peak assigned as v(N-H) (Table 
I), and no absorbance for aromatic bromides was ob
served. Other IR spectroscopic data also support the 
proposed structures of the polymers. 

The obtained polymers, except two samples (Runs 
4, 13), are soluble in polar solvents such as DMF, 
N,N-dimethylacetamide, dimethylsulfoxide (DMSO), 
and 1-methyl-2-pyrrolidinone, and in acidic solvents such 
as formic acid and triftuoroacetic acid. Figures 1 and 
2 show 1 H and 13C NMR spectra of poly(2,6-pyrid
inediylimine) and poly( sulfonyl-! ,3-phenyleneimino-1 ,3-
phenyleneimino-1,3-phenylene) (Runs 14, 6) in DMSO
d6, respectively. Assignment of the peaks was carried 
out by comparison of the peak positions of the poly-
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Figure 2. 1 H (a) and 13C (b) NMR spectra of poly(sulfonyl-1,3-
phenyleneimino-1.3-phenyleneimino-1 ,3-phenylene) (Table I, Run 6) 
in DMSO-d6 . 

mers with those of the monomers. In the 1 H NMR 
spectra, the peaks assignable to the primary amino 
groups (6 5.3 for 2,6-diaminopyridine and 6 5.7ppm 
for 3,3'-diaminodiphenylsulfone) were scarcely observed, 
and a peak assignable to the secondary N-H group (Table 
I) was confirmed by decrease upon addition ofD20. The 
ratios of the peak area agree with the suggested as
signment. The 13C NMR spectra were also confirmed 
by DEPT spectra. NMR data of other polymers are also 
reasonable for their structures. 

Marder et al. and Senanayake et al. have recently 
reported the Pd-catalyzed selective aryl amination by 
primary amines in the presence of secondary amines. Zh.I 

Meyer et al. have demonstrated a model study for prep
aration of poly(imino-1,3-phenylene) to be primarily 
linear. 3 e These observations as weJI as our spectroscopic 
results described above indicate that the Pd-catalyzed 
polycondensation affords no or scarcely cross-linked 
poly(iminoarylene)s with a well-defined structure. Since 
the polycondensation provides a variety of soluble 
poly(iminoarylene)s constituted of same and/or alter
nating aromatic units by changing the structure of aryl 
dibromides and/or aryl diamines, this procedure could 
extend molecular design and applications of polyaryl
amines. 
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